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©  A  method  and  apparatus  (21,150)  is  disclosed 
for  identifying  tissue  which  is  suspected  of 
being  physiologically  changed  as  a  result  of 
pre-cancerous  or  cancerous  activity.  The  ap- 
paratus  (21,150)  includes  a  probe  (1,10  ;1  51) 
configured  to  contact  the  tissue  and  which 
includes  an  arrangement  (3-7,17-47  ;  158-1  63)  to 
subject  the  tissue  to  a  plurality  of  different 
stimuli  such  as  electrical,  light,  heat,  sound, 
magnetic  and  to  detect  plural  physical  respon- 
ses  to  the  stimuli.  The  probe  (1,10  ;151)  con- 
nects  to  an  analogue  section  (23;152)  which 
buffers  signals  between  the  probe  (1,10  ;1  51) 
and  a  processor  (22;  153).  The  processor 
(22;  153)  processes  the  responses  in  combi- 
nation  in  order  to  categorise  the  tissue,  and 
then  compares  the  categorisation  with  a 
catalogue  of  expected  tissue  to  identify  the 
tissue,  the  processing  occurring  in  real-time 
with  an  indication  of  the  tissue  type  (eg.  normal, 
pre-cancerous/cancerous,  or  unknown)  being 
provided  to  an  operator  of  the  apparatus. 
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The  present  invention  relates  to  a  method  and  ap- 
paratus  for  identifying  different  tissue  types  including 
those  displaying  modifications  involving  pre-cancer- 
ous  or  cancerous  stages,  diseased  tissues,  and  those 
that  are  in  a  transitional  stage. 

The  identification  of  different  tissue  types  is  pro- 
vided  via  a  set  of  measurements  of  the  tissue's  phys- 
ical  properties.  The  present  invention  relates  particu- 
larly  to  the  identification  of  different  types  of  tissues, 
including  external  skin  and  those  that  can  be  inspect- 
ed  by  means,  such  as  an  endoscope,  that  enable  di- 
rect  access  inside  the  body.  A  specific  application  of 
the  invention  relates  to  the  inspection  of  the  cervix. 

The  early  detection  of  tissues  displaying  pre-can- 
cer  or  cancer  modifications  is  important  for  success- 
ful  medical  treatment.  Presently-used  detection  tech- 
niques  suffer  from  inaccuracy  and  are  subject  to  op- 
erator  error  as  well  as  being  time-consuming.  Agood 
example  of  this  is  the  Pap  smear  for  cervical  cancer. 
X-ray  diagnosis,  which  can  also  be  used  for  detecting 
advanced  cancer  modifications,  can  lead  to  detri- 
mental  exposure  to  radiation. 

A  positive  result  produced  by  a  Pap  smear  test  is 
generally  followed  by  a  visual  examination  using  a 
colposcope  which  provides  a  magnified  view  of  the 
cervix.  Suspect  regions  of  the  cervix  are  evaluated  by 
a  skilled  practitioner  who  then  makes  a  subjective 
judgement  of  the  tissue  observed.  There  are  many 
tissue  types  in  the  cervix,  some  of  which  display  ana- 
logous  appearances,  including  visual  and  textural 
characteristics,  that  make  clinical  diagnosis  very  dif- 
ficult  and  subject  to  error. 

Similar  subjective  assessments  play  a  major  role 
in  the  detection  and  treatment  of  other  locations  of 
neoplastic  pre-activity  and  activity,  for  example  skin 
melanoma. 

Methods  and  devices  have  been  developed  in  an 
attempt  to  use  measurements  of  physical  character- 
istics  of  the  tissue  for  distinguishing  cancerous  tissue 
from  non-cancerous  tissue.  Electrical  measurements 
of  the  skin  or  tissue  have  been  used.  Such  electrical 
measurements  on  their  own  do  not  provide  the  infor- 
mation  needed  for  an  effective  diagnosis. 

In  US  Patent  No.  4,537,203  to  Machida,  an  ab- 
normal  cell  detecting  device  having  a  pair  of  electro- 
des  attached  to  a  portion  of  the  body  is  disclosed.  Two 
voltages  at  different  frequencies  are  applied  between 
the  pair  of  electrodes.  The  capacitance  measured  at 
the  two  frequencies  gives  an  indication  of  the  pres- 
ence  of  abnormal  cells. 

In  US  Patent  No.  4,955,383  to  Faupel,  a  method 
and  apparatus  for  determining  the  presence  or  ab- 
sence  of  a  diseased  condition  in  a  tissue  is  disclosed. 
Skin  surface  potentials  are  measured  using  an  elec- 
trode  array. 

In  US  Patent  No.  5,143,079  to  Frei  et  al,  an  ap- 
paratus  for  the  detection  of  tumour  in  tissue  is  dis- 
closed.  The  apparatus  includes  means  for  determin- 

ing  the  dielectric  constant  of  living  human  tissue.  The 
impedance  of  a  specific  area  depends  on  the  dielec- 
tric  constant  and  the  conductivity  of  the  tissue.  Inho- 
mogeneities  in  the  tissue  give  rise  to  variations  of  the 

5  impedance. 
It  is  also  known  to  measure  the  physical  charac- 

teristics  of  a  tissue  by  optical  measurements.  For  ex- 
ample,  a  device  described  in  US  Patent  No.  5,036,853 
by  the  present  applicant  is  used  to  identify  cervical 

10  tissue  which  is  suspected  of  being  physiologically 
changed  as  a  result  of  neo-plastic  activity  or  pre-ac- 
tivity  of  a  cervical  lesion.  In  this  arrangement,  correct 
positioning  of  the  probe  device  relative  to  the  surface 
of  the  cervix  is  required  to  avoid  incorrect  measure- 

rs  ments.  The  device  as  described  in  that  patent  is  un- 
able  to  ensure  correct  positioning. 

The  above  mentioned  arrangements  suffer  from 
a  number  of  disadvantages.  In  particular,  each  is  gen- 
erally  configured  for  use  with  a  particular  type  of  can- 

20  cer  which  is  presented  to  the  physician  under  gener- 
ally  the  same  conditions.  Accordingly,  such  devices 
are  notable  to  be  used  effectively  for  a  plurality  of  tis- 
sue  and  cancer  types,  such  as  cervical,  skin,  colon 
etc,  and  conveniently  at  locations  at  which  those  can- 

25  cers  are  found. 
It  is  an  object  of  the  present  invention  to  provide 

a  method  and  apparatus  for  tissue  type  recognition 
which  permits  use  at  a  variety  of  locations  within  or 
about  a  living  being  and  that  can  quickly  produce  an 

30  objective  identification  of  the  tissue  types  including 
the  presence  of  pre-cancerous  and  cancerous  activ- 
ity. 

According  to  one  aspect  of  the  present  invention 
there  is  disclosed  an  apparatus  for  identifying  differ- 

35  ent  tissue  types  including  those  displaying  modifica- 
tions  involving  pre-cancerous  or  cancerous  activity, 
said  apparatus  comprising  a  probe  having  one  end 
shaped  to  face  said  tissue  and  comprising  at  least  two 
paths  for  electromagnetic  radiation,  at  least  one  of 

40  said  paths  leading  to  said  one  end  arranged  to  convey 
said  electromagnetic  radiation  in  a  first  direction  to- 
wards  said  one  end,  and  at  least  one  of  said  paths 
leading  from  said  one  end  and  arranged  to  convey 
said  electromagnetic  radiation  in  a  second  direction 

45  away  from  said  one  end; 
a  first  electromagnetic  generator  means  con- 

nected  to  said  at  least  one  said  first  direction  path  to 
transmit  said  electromagnetic  radiation  at  a  first  or 
associated  with  a  first  wavelength  along  said  at  least 

so  one  first  direction  path  and  a  second  electromagnetic 
generator  means  connected  to  said  at  least  one  first 
direction  path  to  transmit  said  electromagnetic  radia- 
tion  at  a  second  wavelength  along  said  at  least  one 
first  direction  path,  said  second  wavelength  being  dif- 

55  ferent  from  said  first  wavelength; 
receiving  means  connected  to  said  at  least  one 

second  direction  path  to  receive  said  radiation  at  said 
first  and  second  wavelengths  backscattered  by  said 
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tissue; 
at  least  one  electrode  means  to  apply  electri- 

cal  signals  to  said  tissue  and  electrical  measuring 
means  to  measure  resulting  electrical  response  by 
said  tissue;  and 

comparator  means  to  compare  the  measured 
electrical  signals  and  the  measured  received  radia- 
tion  and  compare  same  with  known  values  to  thereby 
identify  the  tissue  type. 

It  is  to  be  noted  that  where  the  term  "wavelength" 
is  used  in  connection  with  sources  of  electromagnetic 
radiation,  the  spectral  bandwidth  of  such  sources  will 
be  finite. 

According  to  another  aspect  of  the  present  inven- 
tion  there  is  disclosed  a  method  of  identifying  tissue 
which  is  suspected  of  being  physiologically  changed 
as  a  result  pre-cancerous  or  cancerous  activity,  said 
method  comprising  the  steps  of: 

irradiating  said  tissue  with  electromagnetic  ra- 
diation  at  a  first  wavelength; 

irradiating  said  tissue  with  electromagnetic  ra- 
diation  at  a  second  wavelength,  said  first  and  second 
wavelengths  being  different; 

receiving  the  radiation  at  said  first  and  second 
wavelengths  backscattered  by  said  tissue; 

supplying  electrical  signals  to  said  tissue  and 
measuring  the  resulting  electrical  response  of  the  tis- 
sue; 

generating  mathematical  transformations  of 
said  received  radiation  and  electrical  response  sig- 
nals  and  identifying  the  condition  of  said  tissue  by 
comparing  said  mathematical  transformations  with  a 
catalogue  of  the  key  features  of  normal  and  abnormal 
tissue  types. 

It  is  noted  that  backscattered  radiation  includes 
reflected  radiation. 

In  accordance  with  another  aspect  of  the  present 
invention  there  is  disclosed  a  method  of  identifying 
tissue  which  is  suspected  of  being  physiologically 
changed  as  a  result  of  pre-cancerous  or  cancerous 
activity,  said  method  comprising  the  steps  of: 

(a)  subjecting  the  tissue  to  a  plurality  of  different 
stimuli; 
(b)  detecting  a  corresponding  tissue  response  to 
each  stimuli; 
(c)  processing  each  response  in  combination  to 
categorise  the  tissue;  and 
(d)  comparing  the  categorisation  of  the  tissue 
with  a  known  catalogue  of  expected  tissue  types 
to  identify  the  tissue. 
In  accordance  with  another  aspect  of  the  present 

invention  there  is  disclosed  apparatus  for  identifying 
tissue  which  is  suspected  of  being  physiologically 
changed  as  a  result  of  pre-cancerous  or  cancerous 
activity,  said  apparatus  comprising: 

a  plurality  of  energy  sources  configured  to  im- 
pinge  upon  or  to  contact  said  tissue  and  to  stimulate 
same  with  a  plurality  of  different  stimuli,  a  plurality  of 

detectors  configured  to  detect  responses  of  said  tis- 
sue  to  a  respective  one  or  plurality  of  said  stimuli  and 
to  couple  said  responses  to  a  controller,  said  control- 
ler  including  a  processor  arrangement  configured  to 

5  process  said  responses  in  combination  in  order  to  cat- 
egorise  said  tissue,  a  memory  arrangement  compris- 
ing  a  catalogue  of  expected  tissue  types,  and  a  com- 
parison  arrangement  for  comparing  the  categorisa- 
tion  of  said  tissue  with  said  expected  tissue  types 

10  from  said  catalogue  so  as  to  identity  same,  and  an  in- 
dicator  arrangement  for  indicating  to  a  userof  said  ap- 
paratus  the  tissue  type  identified,  or  the  probability 
thereof 

A  number  of  embodiments  of  the  present  inven- 
15  tion  will  now  be  described  with  reference  to  the  draw- 

ings  in  which: 
Fig.  1  is  an  illustration,  partially  in  section,  of  a 
probe  system  of  one  embodiment  in  use; 
Fig.  2  is  a  schematic  representation  of  a  probe  of 

20  a  first  embodiment, 
Fig.  3  is  a  schematic  representation  of  a  probe  of 
a  second  embodiment, 
Fig.  4  is  a  graph  of  a  sequence  of  electrical  pulses 
used  for  the  embodiment  shown  in  Fig.  2, 

25  Fig.  5  is  a  graph  of  a  sequence  of  electrical  pulses 
used  for  the  embodiment  shown  in  Fig.  3, 
Fig.  6  is  a  schematic  block  diagram  representa- 
tion  of  a  detection  system  of  one  embodiment, 
and 

30  Fig.  7  is  an  example  of  a  graph  showing  a  group 
of  tissue  types  as  a  function  of  three  discrimi- 
nants  obtainable  from  electrical  and  optical 
measurements; 
Fig.  8  illustrates  the  use  of  an  embodiment  of  a 

35  probe  specifically  configured  for  detection  of 
cervical  pre-cancers; 
Fig.  9  illustrates  another  embodiment  of  a  sensor 
specifically  configured  for  detection  of  skin  can- 
cers  and  the  like; 

40  Fig.  10  is  a  perspective,  partially  cut-away  view 
of  a  further  embodiment  of  the  invention  for  de- 
tection  of  skin  cancers  and  the  like; 
Fig.  11  is  a  side  view  of  an  optical  sensor  includ- 
ing  a  ball-refraction  head; 

45  Fig.  12  is  a  view  of  another  embodimentwhich  in- 
cludes  ultrasonic  transducers; 
Figs.  13Aand  13B  are  end  and  side  views  respec- 
tively  of  a  probe  embodimentwhich  incorporates 
thermal  and  optical  stimuli; 

so  Figs.  14Aand  14B  are  end  and  side  views  respec- 
tively  of  a  probe  embodiment  including  electrical, 
optical  and  magnetic  stimuli; 
Figs.  15  and  16  show  two  arrangements  for  probe 
calibration; 

55  Fig.  17  shows  a  further  embodiment  of  probe  cal- 
ibration;  and 
Fig.  18  is  a  schematic  block  diagram  representa- 
tion  of  a  detection  apparatus  according  to  the 

3 



5 EP  0  650  694  A1 6 

preferred  embodiment. 
Cancer  detection  through  optical  sensing  often 

involves  imaging  of  a  tissue  region  in  question  onto  a 
sensor  array.  Such  a  technique  imposes  a  number  of 
limitations.  Firstly,  transmission  through  and  scatter- 
ing  of  the  tissue  and  its  environs  are  more  significant 
for  cancer  detection  than  surface  reflection  from  the 
tissue.  Optical  imaging  sensors  respond  primarily  to 
surface  reflections.  Secondly,  the  sensed  image  is 
usually  grossly  affected  by  interfering  properties  of 
the  tissue  surface  such  as  surface  reflectivity,  emis- 
sivity,  specular  reflection,  surface  fluids  and  ambient 
light.  Thirdly,  the  optical  signal  received  by  each  pixel 
of  the  sensor  array  is  generally  decomposed  spectral- 
ly  into  only  a  few  wavelength  regions  as  with  red, 
green  and  blue  (RGB)  camera  systems.  Fourthly,  it  is 
not  feasible  to  make  simultaneous  electrical,  magnet- 
ic  or  acoustic  measurements  on  each  projected  pixel 
of  tissue,  Such  measurements,  as  the  present  inven- 
tors  have  found,  can  be  most  important,  in  combina- 
tion  with  the  optical  information  to  discriminate  the  tis- 
sue  type  in  that  region.  Also,  the  subject  region  is  not 
always  sufficiently  accessible  to  be  illuminated  by 
and  sensed  with  an  imaging  system,  such  as  a  cam- 
era. 

When  a  tissue  is  viewed  with  the  naked  eye  or 
through  an  imaging  system,  what  is  observed  in  the 
image  is  the  illuminating  light  being  reflected  by  each 
minute  region  of  tissue.  This  represents  primarily, 
surface  reflected  light,  and  can  be  highly  influenced, 
if  not  dominated  by,  fluids  prevailing  on  the  surface, 
oxidising  agents  or  other  chemical  or  pH  phenomena 
existing  at  the  surface,  surface  temperature,  as  well 
as  the  type  and  angle  of  illumination.  Light  from  cells 
or  tissue  at  or  near  the  surface  thus  generally  has  less 
discriminatory  information  regarding  cancer  or  pre- 
cancer,  when  compared  to  light  from  cells  or  tissue  at 
slightly  deeper  environs,  which  are  largely  visually  ob- 
scured  by  surface  reflections.  Hence  a  system  that 
accesses  optical  properties  of  these  deeper  cells  as 
a  signal  whilst  excluding  reflections  from  the  surface 
cells,  is  highly  desirable.  The  means  used  in  the  de- 
scribed  embodiments  to  achieve  such  discrimination 
is  "controlled  spatial  separation  and  optical  isolation" 
between  the  region  of  tissue  irradiated  and  the  region 
of  tissue  from  which  the  radiation  is  examined. 

In  viewing  with  the  naked  eye,  or  through  a  con- 
ventional  optical  imaging  system,  there  is  no  equiva- 
lent  process  for  observing  the  localised  transfer  prop- 
erties  of  each  "pixel"  of  tissue  so  described.  The  latter 
are  a  consequence  of  a  complex  dynamic  between 
transmission,  absorption,  scattering  and  retro-reflec- 
tion  whose  end  effect  can  produce  tissue  identifica- 
tion  superior  to  a  surface  reflection.  This  process,  re- 
ferred  to  herein  as  backscattering,  constitutes  a  basic 
mechanism  employed  in  the  preferred  embodiments 
to  be  described. 

When  the  information  from  an  ensemble  of  re- 

gions  in  proximity  whose  backscattering  ability  has 
been  measured  is  reconstructed  as  an  optical  image 
(ie  reconstructed  in  the  same  spatial  order  as  the 
measurements  were  taken),  it  forms  a  "image"  of 

5  backscattered  values  over  the  reconstruction  sur- 
face.  Such  an  image  is  herein  called  a  "backscattered 
image"  and  it  can  provide  a  valuable  mapping  to  iden- 
tify  cell  and  tissue  type  over  a  region.  One  embodi- 
ment  of  the  present  invention  provides  a  means  for 

10  creating  such  backscattered  images.  In  addition,  the 
inclusion  of  electrical  measurement  data  related  to 
the  locally  prevailing  dielectric  and  impedance  prop- 
erties  of  the  tissue  at  each  pixel  of  the  image  provides 
a  multi-dimensional  imaging  mechanism.  The  mech- 

15  anism  of  backscattered  imaging  as  described  herein 
includes  the  concept  of  measuring  any  one  or  more  of 
the  electrical,  magnetic,  acoustic,  ultrasonic,  ther- 
mal,  optical,  and  the  like  physical  parameters  at  each 
pixel  region,  and  is  particularly  relevant  to  the  descri- 

20  bed  embodiments.  The  backscattered  image  thus 
can  include  a  characterisation  at  each  pixel  region  of 
a  multiplicity  of  energy  types  and  physical  mecha- 
nisms. 

A  backscattered  image  thus  can  include  a  char- 
25  acterization,  at  each  pixel  region,  of  a  multiplicity  of 

energy  types  and  physical  mechanisms.  While  back- 
scattered  sigaal  variables  would  primarily  be  of  a 
stimulate/receive  transfer  nature,  the  included  meas- 
urement  of  self  properties  at  each  pixel  region  (like 

30  prevailing  temperature  or  electrostatic  potential),  is 
not  herein  excluded  within  the  definition  of  a  back- 
scattered  image. 

Because  in  cancer  detection  it  is  particularly  im- 
portant  to  asymptote  toward  achieving  zero  false  neg- 

35  ative  results,  it  is  often  desirable  to  utilize  as  many  in- 
dependent  discriminators  as  feasible  to  distinguish 
tumorous  cell  types.  For  example,  if  a  given  mecha- 
nism  involving  an  independent  stimulate/receive  en- 
ergy  form  (eg.,  magnetic)  yields  only  a  1%  added  stat- 

40  istical  contribution  toward  determination  of  tumorous 
cell  types,  and  the  summed  effect  of  the  other  energy 
forms  utilized  statistically  discriminate  to  98%  accu- 
racy,  (eg.  optical  and  electrical),  the  compound  addi- 
tion  of  1%  magnetic  contribution  can  halve  the  sys- 

45  tern  inaccuracy  from  [100%-98%]  =  2%  to  [100%- 
99%]  =  1%,  (for  optical,  electrical  and  magnetic). 
Thus  the  contribution  of  a  seemingly  small  indepen- 
dent  statistical-discrimination-capability  can  yield 
significantly  improved  overall  system  performance 

so  and  may  well  warrant  inclusion.  For  this  reason,  mul- 
tiple  measurements  which  involve  many  different  en- 
ergy  forms  and  mechanisms,  (while  more  cumber- 
some  to  implement  or  difficult  to  build  into  one  small 
probe  necessitating  microminiaturization  technolo- 

55  gies),  represent  desirable  features  of  the  preferred 
embodiment. 

It  is  therefore  desirable  to  utilise  an  appropriately 
configured  probe  which  can  provide  access  to  the 
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surface  of  the  tissue  and  circumvent  some  or  all  of  the 
limitations  discussed  above.  In  the  case  of  cancer  de- 
tection  near  a  region  where  admittance  is  through  a 
physical  probe,  it  is  important  to  access  the  tissue 
surface  while  allowing  substantial  visual  feedback, 
and  permitting  the  greatest  positioning  dexterity  for 
the  clinician.  Accordingly,  embodiments  where  a 
probe  is  used  should  be  configured  to  maximise  vis- 
ibility  with  minimum  obscuration  while  at  the  same 
time  permitting  stimulating  sensors  to  follow  the  con- 
tour  of  the  subject  tissue.  The  accuracy  with  which  the 
tissue  type  can  be  established  in  proximity  to  the  sur- 
face  is  highly  dependent  upon  such  functions.  Control 
of  orientation  to  the  surface  direction,  to  pressure 
against  the  surface,  exclusion  of  unwanted  sources  of 
instrumentation  noise  such  as  background  light,  flu- 
ids,  parasitic  electromagnetic  or  mechanical  vibra- 
tions  are  important  to  achieve  precise  measure- 
ments. 

Moreover,  these  constraints  on  measurement  ac- 
curacy  interdepend  upon  the  methods  employed  to 
bring  the  stimuli  energy  to  and  from  the  tissue  surface 
regardless  of  whether  the  stimuli  is  electrical,  optical, 
acoustic,  magnetic,  thermal  or  ultrasonic. 

With  an  imaging  probe  of  the  described  embodi- 
ments,  it  is  preferred  to  collectively  accumulate  data 
over  each  spatial  region  of  interrogation  so  that  a  de- 
cision  about  the  region  can  be  based  upon  a  multipli- 
city  of  N  readings  rather  than  a  single  reading.  Such 
a  sampling  process  is  likely  to  result  in  a  statistical  im- 
provement  in  precision  proportional  to  VA/.  It  is  also 
convenient  to  be  able  to  ascertain  a  resultant  "picture" 
analogous  to  pictures  on  a  computer  screen  derivable 
through  an  imaging  system,  of  each  of  the  cell  or  tis- 
sue  types  over  the  subject  region. 

Thus,  in  the  design  of  a  pre-cancer  and  cancer 
detection  system  which  measures  physical  variables, 
it  is  appropriate  to  have  a  data  acquisition  system  ac- 
commodating  a  multiplicity  of  probe  types,  each  spe- 
cifically  configured  to  address  the  application  in- 
volved.  The  probes  should  therefore  be  interchange- 
able  with  automatic  calibration  when  changed.  It  is 
also  important  to  provide  the  clinician  administering 
the  test  with  feedback  regarding  any  misuse,  disori- 
entation  or  inappropriate  or  prevailing  conditions  that 
could  invalidate  the  test  in  process. 

Such  information  should  be  readily  or  immediate- 
ly  available  along  with  other  cautionary  alarms  con- 
cerning  momentary  proximity  of  the  sensing  probe  to 
cancerous  or  pre-cancerous  tissue.  During  use,  the 
clinician  is  likely  to  be  absorbed  in  manipulating  the 
probe  onto  tissue  regions  of  concern,  and  therefore 
cannot  focus  attention  onto  a  computer  screen  or 
other  conventional  display  or  indicator.  Configura- 
tions  which  provide  adequate  real  time  feedback  to 
the  clinical  operator,  while  at  the  same  time  storing 
essential  measurement  data,  are  thus  relevant  ingre- 
dients  in  a  cancer  measurement  instrument. 

Because  probes  are  usually  employed  in  environ- 
ments  containing  fluids  which  have  varied  optical  and 
electrical  properties,  it  is  a  further  difficulty  to  cali- 
brate  transmission  and  receive  sensors  and  electrical 

5  performance  in  a  manner  which  copes  with  this  vari- 
ability.  Optical  measurements  are  desirably  based  on 
transmission,  absorption,  backscattering  by  the  body 
of  the  material  rather  than  surface  reflectance.  Plac- 
ing  the  probe  tip  normal  to  a  reflectance  standard  for 

10  calibration  will  yield  a  response  primarily  due  to  sur- 
face  reflection  reflectance  of  the  standard.  In  such 
calibration,  the  emit/receive  ratio  would  not  be  mono- 
tonic  with  distance  from  the  reflectance  standard  to 
the  probe  face  and  it  would  also  be  highly  dependent 

15  upon  that  distance.  It  is  thus  a  formidable  problem  to 
simulate  conditions  of  actual  measurement  in  this  cal- 
ibration  process. 

Semi-conductor  and  other  components  utilised  in 
a  probe  which  will  be  handled  by  an  operator  and  will 

20  intermittently  contact  tissue  surfaces  and  will  change 
in  temperature  because  of  the  difference  between 
room  and  tissue  temperatures.  Particularly  for  com- 
ponents  which  comprise  semi-conductor  junctions  at 
the  probe  face,  variability  of  performance  can  be  a 

25  significant  consequence  of  temperature  change.  It  is 
thus  desirable  that  the  data  handling  system  compen- 
sate  for  the  instantaneous  temperature  such  compo- 
nents  possessed  while  measurements  are  being 
made. 

30  At  the  present  time,  underlying  mechanisms 
which  create  physically  measurable  distinctions  be- 
tween  normal,  pre-cancer  and  cancerous  tissue 
types  are  only  understood  in  terms  of  phenomenolog- 
ical  models.  For  an  arbitrary  type  of  cancer,  one  can- 

35  not  predict  the  precise  significance  of  each  discrimi- 
nant  parameter.  As  a  consequence,  the  process  of 
calibrating  such  a  cancer  detection  instrument  is  di- 
rectly  interlinked  with  any  discrimination  algorithm 
employed  and  the  foundation  measurements  upon 

40  which  the  algorithm  is  based.  This  means  that  only 
when  stable,  repeatable  probe  designs  of  appropriate 
geometry,  efficiency  and  electro-optic  (for  example) 
performance  are  used  to  collect  reliably  accurate  data 
regarding  cancer  and  its  pre-cancerous  states,  can  a 

45  design  algorithm  be  truly  optimised.  Thus,  the  means 
by  which  the  algorithm  is  optimised  through  succes- 
sive  iterations  becomes  part  of  the  calibration  proc- 
ess  and  a  means  for  achieving  results  obtained  by  the 
various  embodiments. 

so  One  or  more  electrodes  can  be  used  to  provide  a 
number  of  discriminants  which  can  be  used  in  the 
identification  of  tissue  types.  When  using  a  single 
electrode,  the  patient  is  grounded  by  having  some 
form  of  contact  with  another  part  of  the  body.  For  ex- 

55  ample,  an  electrode  as  used  in  electrocardiograph 
(ECG)  readings,  or  one  hand  in  a  salt  solution  or  a 
conductive  wrist  band  as  used  by  electronics  work- 
ers.  The  use  of  multiple  electrodes  enable  their  rela- 

5 
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tive  readings  to  be  additionally  used  to  establish  that 
other  measurements,  for  example  optical  measure- 
ments  are  well  founded  through  the  optical  transduc- 
ers  being  appropriately  seated  against  the  tissue  sur- 
face.  Asymmetry  of  readings  from  symmetrically  lo- 
cated  electrodes  indicate  asymmetry  of  the  probe  tip 
with  respect  to  the  tissue  surface. 

Electrodes  can  take  the  form  of  metal  discs  at  the 
face  of  an  insulator  achieved  by  using  wires  truncated 
at  the  face.  The  electrodes  can  take  any  one  of  a  num- 
ber  of  shapes  and  can  include  circles,  ellipses, 
squares,  rectangles,  triangles,  segments  of  circles  or 
segments  of  annuli,  and  their  orientation  can  be  sym- 
metrical  or  asymmetrical  to  the  centroid  of  the  tissue 
section  being  scrutinized. 

The  electrode  surface  itself  can  be  metallic  or 
non-metallic.  For  example,  the  electrode  can  com- 
prise  a  semi-conductor  such  as  silicon,  carbon  or  ti- 
tanium  dioxide  bonded  upon  titanium. 

Alternatively,  the  electrode  can  comprise  an 
electrolytic  cell  (eg  silver/silver  chloride,  or  mer- 
cury/calomel)  coupled  to  the  tissue  by  a  salt  bridge. 
A  salt  bridge  in  the  form  of  an  electrolyte  containing 
gel  or  sponge  or  porous  plug  which  can  be  used  with 
a  metal  electrode  also. 

Electrodes  can  be  used  to  measure  a  number  of 
electrical  properties  of  the  tissue,  such  as: 

-  conductivity,  by  determining  the  in-phase  cur- 
rent  flowing  when  a  sine  wave  voltage  is  ap- 
plied  to  the  electrodes,  over  a  range  of  fre- 
quencies; 

-  the  complex  impedance  of  the  system  over  a 
range  of  frequencies; 

-  the  current  flow  into  the  electrodes  on  the  tis- 
sue  as  a  voltage  is  applied.  The  current  flow 
may  be  analysed  in  terms  of  its  temporal  or  its 
frequency  components  (  eg.  by  Fourier  analy- 
sis).  The  temporal  analysis  may  be  in  terms  of 
the  shape  of  the  current  flow  versus  time 
curve,  the  parameters  in  the  equation  of  that 
curve,  or  the  values  of  components  in  an  equiv- 
alent  electrical  circuit; 

-  the  current  flow  out  of  the  tissue  after  the  ces- 
sation  of  a  voltage  pulse  applied  to  the  electro- 
des.  The  analysis  may  be  temporal  or  frequen- 
cy  related  as  above;  and 

-  the  voltage  decay  without  drawing  current  after 
the  step  removal  of  an  applied  voltage  that  has 
been  sustained  constant  for  a  sufficient  time 
for  this  system  to  reach  equilibrium  prior  to  its 
removal  (ie.  the  voltage  decay  into  a  very  high 
impedance). 

An  electronic  circuit  employed  to  perform  the 
above  measurements  can  be  hard  wired  or  it  can  be 
under  software  control  by  a  computer.  In  the  latter 
case  the  type  of  measurements  performed  may  vary 
depending  upon  the  results  of  previous  measure- 
ments. 

This  facility  is  important  for  the  purpose  of  estab- 
lishing  that  the  probe  is  accurately  placed  on  the  tis- 
sue  so  that  readings,  electrical,  optical  and  other,  can 
be  expected  to  be  reliable.  Data  should  be  rejected 

5  automatically  if  the  probe  orientation  is  outside  an  ac- 
ceptable  range.  Various  electrode  configurations  and 
signal  analysis  circuits  can  be  chosen  to  suit  the 
needs  of  the  software.  With  some  types  of  tissue,  the 
computer  may  not  be  able  to  come  to  an  unambiguous 

10  diagnosis  using  the  standard  measurement  regime. 
In  that  case,  the  circuit  can  be  changed  by  the  soft- 
ware  and  other,  complementary  determinations  can 
be  made. 

The  probe  should  be  able  to  be  manipulated  eith- 
15  er  across  the  surface  of  the  human  body  or  within  the 

human  body  using  a  speculum  or  other  assisting  in- 
struments  that  provide  the  clinician  with  an  unimped- 
ed  view  of  the  tissue  being  probed.  There  should  also 
be  sufficient  clearance  to  allow  for  a  high  level  of  illu- 

20  mination,  particularly  where  optional  video  recording 
of  the  data  sampling  is  being  made.  In  many  internal 
applications,  the  size  of  the  area  that  the  probe 
should  be  able  to  respond  can  be  as  small  as  2  mm 
in  diameter.  Accordingly,  the  resolution  of  the  probe 

25  must  be  sufficient  to  resolve  pre-cancerous  tissue  of 
that  size. 

Having  set  out  various  preferred  criteria  that  are 
useful  in  achieving  pre-cancer  and  cancerous  tissue 
detection,  a  number  of  specific  embodiments  can 

30  now  be  described. 
Fig.  1  shows  an  arrangement  for  detecting  pre- 

cancerous  and  cancerous  tissue  which  includes  a 
probe  1  coupled  to  a  controller  20  via  a  cable  9  con- 
nected  to  the  probe  1  via  a  coupling  8.  The  probe  1  in 

35  this  embodiment  is  being  used  to  detect  cervical  can- 
cer,  and  Fig.  1  further  illustrates  a  speculum  30  being 
used  to  open  the  walls  of  the  vagina  31  of  a  patient, 
to  expose  to  the  tip  of  the  probe  1  ,  the  cervix  32  which 
terminates  the  birth  canal  33  that  provides  a  path  into 

40  the  uterus  34.  The  probe  1  is  moved  about  the  entire 
surface  of  the  cervix  32  in  order  to  stimulate  tissue  of 
the  cervix  32  and  obtain  responses  to  the  stimuli 
which  can  be  processed  by  the  controller  20. 

As  shown  in  Fig.  2,  probe  1  includes  an  external 
45  tube  2  which  provides  electrical  insulation  and  mech- 

anical  strength.  Located  within  the  tube  2  is  a  first 
electrode  3  which  is  in  the  form  of  a  flat  end  of  an  elec- 
trical  wire  which  is  positioned  in  the  centre  of  a  bundle 
of  optical  fibres  4.  Three  other  electrodes  5,6,7  are 

so  segments  of  a  cylindric  metal  tube  which  are  posi- 
tioned  adjacent  and  abutting  against  the  internal  sur- 
face  of  the  external  tube  2. 

Asecond  embodiment  of  a  probe  10  useful  in  the 
arrangement  of  Fig.  1  is  illustrated  in  Fig.  3.  This  em- 

55  bodiment  of  the  probe  10  presents  a  more  compact 
design  which  is  realised  using  only  three  electrodes 
15,16,17  having  a  different  shape  to  the  electrodes 
5,6,7.  The  shape  of  the  electrodes  15,16,17  ensures 

6 
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that  the  electrical  and  optical  measurements  are 
made  on  the  same  area  of  tissue.  The  electrodes 
15,16,17  are  adjacent  to  and  abut  against  an  external 
tube  12,  with  a  bundle  of  three  optical  fibres  14  posi- 
tioned  therebetween. 

Using  the  probe  1  of  the  first  embodiment,  three 
initial  electrical  measurements  are  made  between 
the  central  first  electrode  3  and  each  of  the  other 
electrodes  5,6,7.  The  results  of  these  measurements 
are  compared  and  if  the  results  differ  significantly, 
the  measurements  are  discarded  because  it  indicates 
that  the  tip  of  the  probe  1  is  not  in  uniform  contact  with 
the  tissue. 

In  the  preferred  embodiment  pulse  measure- 
ments  are  used  both  for  optical  and  electrical  proper- 
ties,  as  a  method  to  reduce  noise  and  mutual  inter- 
ference  between  the  measured  signals.  For  this  rea- 
son,  an  example  of  the  invention  as  described  in  ref- 
erence  to  Figs.  4  and  5  includes  the  use  of  a  sequence 
of  electrical  pulses. 

In  Fig.  4,  a  graph  of  a  sequence  of  electrical  puls- 
es  is  illustrated  for  the  use  of  the  probe  1  of  Fig.  2.  A 
voltage  pulse  U35  is  applied  between  the  electrodes 
3  and  5  with  electrodes  6  and  7  disconnected.  This 
pulse  is  followed  by  a  pulse  U3  6  between  electrodes 
3  and  6  with  electrodes  5  and  7  disconnected.  This  is 
followed  by  a  pulse  U3  7  between  electrodes  3  and  7 
with  electrodes  5  and  6  disconnected.  During  and  im- 
mediately  after  each  pulse  U35,  U36  and  U37,  the  sys- 
tem  measures  the  electrical  responses  which  are 
then  stored  and  compared.  This  will  be  described  be- 
low.  If  the  results  differ  significantly  the  results  are 
discarded  because  it  indicates  that  the  tip  of  the  probe 
1  is  not  in  uniform  contact  with  the  tissue.  To  enable 
a  large  number  of  readings  to  be  taken,  the  pulse  dur- 
ation  and  the  sequence  duration  are  relatively  short, 
typically  in  the  tens  to  hundreds  of  microsecond  re- 
gion  milliseconds  to  provide  real-time  useful  informa- 
tion.  If  the  measurements  indicate  a  correct  position- 
ing  of  the  probe  1,  then  a  fourth  measurement  is  per- 
formed  with  a  symmetric  connection  of  the  electro- 
des,  ie.,  a  voltage  pulse  U3(5i6i7)  is  applied  between 
electrodes  3  and  electrodes  5,6,7. 

Fig.  5  illustrates  a  similar  sequence  of  electrical 
pulses  used  for  the  configuration  shown  in  Fig.  3.  In 
this  embodiment,  the  symmetry  of  the  electric  field  at 
a  given  time  is  no  longer  realised.  Three  electrical 
pulses,  U15(16i17)  applied  between  electrode  15  and 
connected  electrodes  16  and  17,  U16(17i15)  applied  be- 
tween  electrode  16  and  connected  electrodes  17  and 
15,  and  U 17(15,16)  applied  between  electrode  17  and 
connected  electrodes  15  and  16,  are  used.  The  rela- 
tive  magnitudes  of  the  measured  responses  indicate 
a  correct  or  incorrect  positioning  of  the  probe,  to  pro- 
vide  an  indication  of  operator  error. 

In  another  form  of  the  invention,  it  is  possible  to 
use  only  one  electrode  in  the  probe,  the  second  con- 
nection  to  the  skin  or  tissue  can  be  made  using  any 

one  of  a  number  of  convenient  methods,  eg.,  a  con- 
ductive  pad  to  some  part  of  the  body. 

Using  the  probes  1  and  10  of  the  above  embodi- 
ments,  the  electrical  properties  of  the  tissue  can  be 

5  determined  in  a  number  of  ways.  For  example,  a  rec- 
tangular  electric  pulse  can  be  applied  to  the  electro- 
des  as  described  above,  and  the  time  varying  current 
that  flows  into  and  out  of  the  tissue  can  be  measured 
either  as  a  current  in  the  circuit,  or  as  a  time  variant 

10  potential  difference  between  the  electrodes  subse- 
quent  to  the  pulse.  The  shape  of  these  time  variant 
signals  is  a  measure  of  the  electrical  properties  of  the 
tissue.  Alternatively,  electrical  signals  of  various  fre- 
quencies  can  be  used  to  measure  the  tissue  electrical 

15  characteristics.  The  magnitude  of  the  voltage  applied 
to  the  tissue  during  the  measurements  needs  to  be 
large  enough  to  ensure  that  the  signals  being  meas- 
ured  are  above  any  ambient  noise  signals  that  may  be 
present  but  in  general  should  not  exceed  two  volts  so 

20  as  to  avoid  discomfort  to  the  patient. 
The  optical  properties  of  the  tissue  can  be  meas- 

ured  over  a  range  of  wavelengths  from  ultraviolet  to 
far  infra-red.  One  of  the  optical  fibres  in  the  probes  1 
and  10  is  used  to  guide  electromagnetic  radiation 

25  from  one  or  more  sources  to  the  surface  of  the  tissue 
where  it  is  absorbed  and  scattered.  A  second  fibre 
which  can  be  adjacent  to  or  a  short  distance  away 
from  the  first  fibre  guides  the  radiation  from  the  tissue 
back  to  one  or  more  detectors  (not  illustrated).  The 

30  magnitude  of  signals  from  the  detectors  provide  a 
measure  of  the  optical  properties  of  the  tissue. 

The  sources  of  the  electromagnetic  radiation  can 
conveniently  be  light  emitting  diodes  (not  illustrated) 
or  solid  state  lasers  (not  illustrated).  Several  wave- 

35  lengths  can  be  guided  down  one  fibre  4,14,  or  sepa- 
rate  fibres  4,14  can  be  used  for  each  wavelength. 
Amongst  the  wavelengths  that  have  been  found  to  be 
highly  diagnostic  are  540,  650,  660,  940  and  1300nm. 

The  controller  20  includes  a  dedicated  computer 
40  system  21  as  illustrated  in  Fig.  6  that  can  supervise 

the  apparatus  of  the  preferred  embodiment.  The  sys- 
tem  21  includes  a  microprocessor  block  22  which  con- 
trols,  via  an  analog  block  23,  adequate  synchronisa- 
tion  forthe  electrical  signals  applied  to  the  electrodes 

45  3,5,6,7,15,16,17  of  the  probes  1  and  10  respectively 
and  the  optical  emitters  (not  illustrated).  The  signals 
from  electrical  and  optical  detectors  are  processed  in 
the  microprocessor  block  22  and  the  results  can  be 
shown  on  a  display  24  or  can  cause  activation  of  other 

so  visible,  audible,  or  printing  indicators.  A  keyboard  25 
is  able  to  be  used  by  an  operator  to  provide  com- 
mands  to  the  computer  system  21  . 

The  data  which  has  been  collected  by  the  com- 
puter  system  21  is  processed  and  compared  with  data 

55  that  has  been  stored  in  the  memory  of  the  computer 
system  21  in  the  form  of  patterns  of  data  specific  for 
each  tissue  type.  Fig.  7  illustrates  a  typical  graph  of 
tissue  types  as  a  function  of  three  discriminants  ob- 
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tainable  from  electrical  and  optical  measurements. 
The  three  discriminants  employed  in  the  prepa- 

ration  of  Fig.  7  were  two  measures  of  backscattered 
light  (dsd  ,dsc2-cach  at  a  corresponding  wavelength) 
and  a  measure  of  the  shape  of  the  electrical  relaxa- 
tion  curve  derived  by  Fourier  analysis  (dsc3).  Fig.  7 
demonstrates  how  the  normal  tissue  types  Original 
Squamous  Epilethium  (OSE1  ,  OSE2,  OSE3),  Colum- 
nar  (COL1  ,  COL2)  and  Immature  metaplasia  (P)  are 
distinguished  from  the  abnormal,  pre-cancerous  tis- 
sue  types  Human  Papilloma  Virus  (HFV),  Atypia 
(ATYP)  and  Precancer  (D1,  D2,  D3) 

The  results  of  this  comparison  are  communicated 
to  the  operator  via  the  display  24  or  other  appropriate 
means.  The  results  can  be  stored  in  the  microproces- 
sor  block  22  for  particular  patients  and  later  retrieved 
or  printed  out, 

In  the  embodiment  of  Figs,  1  to  7,  probes  1  and 
1  0  of  an  elongate  straight  outer  tube  where  appropri- 
ate,  a  flexible  shaft  can  be  provided  or  the  probe  in- 
corporated  in  a  capsule  whereby  insertion  using  a 
catheter  arrangement  can  be  achieved. 

Fig.  8  illustrates  a  probe  40  specifically  config- 
ured  and  shaped  to  sample  tissue  types  on  the  cervix 
32  of  a  patient.  In  particular,  the  cervical  probe  40  in- 
cludes  an  elongate  shaft  41  which  can  be  held  by  the 
clinician  and  which  interconnects  to  a  cable  (not  illu- 
strated)  which  supplies  to  the  control  unit.  The  shaft 
41  terminates  in  a  main  body  42  from  which  a  central 
probe  portion  43  extends,  into  the  birth  canal  33,  and 
which  is  surrounded  by  an  annulardepression  44  con- 
figured  to  cup  the  cervix  32  therewithin.  The  probe 
portion  43  and  the  depression  44  have  distributed 
across  their  surfaces  repeated  arrays  of  stimulate/re- 
ceive  elements  45  which  are  configured  to  sample 
physical  properties  of  the  tissue  along  the  entire  con- 
tour  of  the  cervix  32.  The  sensors  45  interconnect  to 
the  controller  via  the  shaft  41  .  Because  a  multiplicity 
of  stimulate/receive  energy  types  can  be  applied  at  a 
plurality  of  contiguous  regions  along  the  entire  con- 
tour  of  the  probe  face,  a  composite  backscattering 
picture  can  be  ascertained  with  a  single  twist  of  the 
shaft  41  by  an  operator. 

In  Fig.  9,  a  flexible  probe  50  is  shown  which  is 
configured  to  be  applied  specifically  to  skin,  in  this 
case,  upon  the  arm  36  of  a  patient.  The  probe  50  in- 
cludes  a  flexible  printed  circuit  planar  substrate  51 
upon  which  a  number  of  sensors  52  are  configured. 
The  sensors  52  are  connected  to  a  cable  54  via  a 
number  of  printed  connections  53.  The  cable  54  links 
the  probe  50  with  the  controller  as  in  the  previous  em- 
bodiments.  With  this  configuration,  the  probe  50  can 
be  applied  to  a  curved  or  flat  surface  thereby  permit- 
ting  relatively  large  areas  to  be  assessed  in  a  sub- 
stantially  shorter  time  than  that  would  be  required 
with  a  probe  of  the  embodiments  of  Fig.  2,  3  or  8. 

Fig  10  illustrates  an  extension  of  the  arrange- 
ment  of  Fig.  9  but  of  a  totally  integrated  detector  as- 

sembly  60.  The  detector  assembly  60  incorporates  a 
flexible  substrate  61  arranged  with  a  plurality  of  sen- 
sors  62  as  in  the  probe  50.  The  substrate  61  is  sup- 
ported  by  an  open  cell  foam  support  63  which  con- 

5  nects  to  a  housing  64  within  which  a  control  unit  65 
of  the  detector  assembly  60  as  formed.  The  support 
63  permits  flexing  of  the  substrate  61  to  match  tissue 
contours  whilst  being  supported  from  the  control  unit 
65.  The  control  unit  65  connects  to  the  sensors  62 

10  and  incorporates,  in  a  small  hand  held  package,  the 
processing  functions  required  for  external  tissue  type 
determination.  The  control  unit  65  includes  an  inte- 
grated  battery  supply  66  together  with  a  processor 
module  67,  an  input/output  section  68  which  con- 

15  nects  to  the  sensors  62,  and  a  contro/display  module 
69.  Connected  to  the  control/display  module  69  is  a 
number  of  indicators  70  which  provide  either  visual  or 
audible  feedback  to  the  operator  indicative  of  the  tis- 
sue  type  when  the  probe  assembly  60  is  placed  upon 

20  the  surface  of  a  living  body. 
Fig.  11  illustrates  a  ball  refraction  probe  71  which 

incorporates  a  shaft  housing  72  and  a  clear  (transpar- 
ent)  spherical  refractive  ball  73  arranged  at  the  per- 
iphery  of  the  shaft  housing  72.  Configured  within  the 

25  shaft  housing  72  is  a  multiplicity  of  light  sources  14 
(only  one  of  which  is  illustrated),  such  as  light  emitting 
diodes  covering  different  spectral  bands,  and  com- 
plementary  light  sensors  75  (again  only  one  illustrat- 
ed  for  clarity),  such  as  light  dependent  resistors,  PIN 

30  diodes,  or  other  optical  sensors.  The  probe  71  is  con- 
figured  so  that  the  ball  73  acts  to  refract  light  emitted 
from  each  source  74  in  a  substantially  spherical  pat- 
tern  to  stimulate  a  large  area  of  tissue  76  which  is 
brought  into  contact  with  the  ball  73.  In  a  correspond- 

35  ing  manner,  backscattered  light  from  the  tissue  76  is 
refracted  within  the  ball  73  and  onto  the  sensor  75.  An 
optically  opaque  barrier  80a  prevents  direct  illumina- 
tion  from  the  sources  78  to  the  sensors  79.  Two  elec- 
trodes  78  are  positioned  on  the  ball  73  so  as  to  con- 

40  tact  the  tissue  76  for  electrical  stimulation.  A  number 
of  wire  conductors  80  communicate  signals  between 
the  probe  75  and  the  controller  (not  illustrated).  As  il- 
lustrated,  a  region  80  of  the  tissue  76  is  illuminated 
by  the  sources  74,  and  a  region  81  of  the  tissue  is 

45  seen  by  the  sensors  75,  thus  providing  an  indication 
of  the  light  transmittance  through  the  tissue  76  be- 
tween  the  regions  80  and  81  . 

Fig.  12  shows  an  ultrasonic  probe  85  which  is 
formed  upon  a  shaft  86  and  which  incorporates  four 

so  electrical  sensors  87  configured  in  a  manner  not  un- 
like  previously  described  embodiments.  In  particular, 
provided  in  the  probe  85  are  four  ultrasonic  transduc- 
ers  88  each  able  to  be  energised  separately  in  order 
to  stimulate  tissue  brought  into  contact  therewith. 

55  Where  any  one  transducer  88  is  stimulated,  the  re- 
maining  three  can  be  used  to  receive  the  transmitted 
ultrasonic  pattern.  Received  patterns  can  be  proc- 
essed  to  determine  a  variety  of  features  relating  to  the 
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density  of  the  tissue  and  any  changes  in  density 
throughout  the  tissue,  which  is  indicative  of  blood 
flow.  This  can  be  performed  using  time  of  flight  meas- 
urements  such  as  use  in  known  acoustic  imaging  sys- 
tems  such  as  in  sonar  and  medical  ultrasound.  In  or- 
der  to  compensate  changes  in  acoustic  coupling,  a 
number  of  temperature  sensors  89  are  configured  on 
the  surface  of  the  probe  85  which  can  be  used  to 
sense  the  temperature  of  tissue  being  sampled  which 
can  be  used  to  compensate  for  changes  in  ultrasonic 
velocity  therewithin. 

Figs.  13A  and  13B  show  a  heat/light  probe  90 
which  includes  a  tubular  casing  91  along  which  are  ar- 
ranged  three  optical  fibres  92.  The  fibres  92  are  used 
to  illuminate  tissue  being  sampled  and  to  receive 
transreflected  light  from  the  tissue.  Also  included  in 
the  probe  90  is  a  resistive  heater  93  configured  to  se- 
lectively  heat  the  tissue  being  probed,  and  a  temper- 
ature  sensor  94  configured  to  measure  the  tempera- 
ture  of  the  tissue  in  response  to  the  action  of  the  hea- 
ter  93.  In  this  manner,  the  thermal  response  time  of 
the  tissue  type  can  be  determined  by  the  controller 
which  provides  an  indication  of  blood  flow  through  the 
tissue  which  can  be  indicative  of  pre-cancerous  and 
cancerous  cell  growth. 

In  Figs.  14Aand  14B,  a  magnetic  probe  100  is 
shown  which  is,  like  previous  embodiments,  formed 
within  a  tubular  casing  101.  The  probe  100  includes 
a  number  of  electrodes  102  configured  in  a  manner 
of  previous  embodiments.  Also  included  are  four  opt- 
ical  transmitters  1  03  such  as  light  emitting  diodes  ar- 
ranged  to  transmit  light  at  different  wavelengths  such 
as  1300nm,  440nm,  565nm  and  660mn.  Two  optical 
receivers  104  are  configured  to  receive  light  at  differ- 
ent  wavelengths,  such  as  1300nm  and  500-1  OOOnm. 
Also  provided  is  a  magnetic  transmitter  105  centrally 
lodged  within  the  probe  100  and  three  surrounding 
magnetic  receivers  106.  The  magnetic  transmitter 
105  and  receivers  106  incorporate  a  ferromagnetic 
core  and  a  corresponding  winding  whereby  the  mag- 
netic  transmitter  105  establishes  a  small  magnetic 
field  extending  from  the  end  of  the  probe  100. 
Changes  in  the  magnetic  field  are  detected  by  the  re- 
ceivers  106  which  can  be  compared  whereby  an  im- 
balance  between  the  signals  received  by  each  of  the 
receivers  106  is  indicative  of  a  magnetic  anomaly  in 
the  tissue. 

Whilst  at  the  time  of  writing  this  specification,  the 
exact  significance  of  magnetic  stimuli  is  not  known, 
it  is  believed  that  localised  anomalies  in  the  magnetic 
response  of  a  tissue  is  due  to  a  disturbance  in  the 
electrical  charge  that  results  from  a  function  of  the 
change  of  the  partitioning  within  the  cells  of  the  tis- 
sue.  Notably,  surrounding  the  nucleus  of  a  cell  are  a 
number  of  partitioning  layers  and  it  is  believed  that 
communication  between  those  layers  limits  growth  in 
normal  cells.  However,  in  cancerous  cells,  are  only 
limited  in  communication  between  the  layers  appears 

to  be  limited  which  is  believed  to  be  directly  related  to 
the  unconstrained  growth  of  cancerous  cells.  Accord- 
ingly,  an  imbalanced  distribution  of  electrical  charge 
which  can  be  detected  or  altered  magnetically  can  be 

5  indicative  of  limited  communication  and  therefore 
cancerous  activity, 

Preferably,  a  common  control  mechanism  can  be 
used  for  a  number  of  different  probe  types  and  is 
therefore  appropriate  where  the  probes  are  inter- 

10  changeable,  the  probes  and/or  the  controller  are  able 
to  be  calibrated  in  a  convenient  manner  such  that  re- 
liable  and  consistent  tissue  sampling  is  achieved.  The 
increased  advent  of  microminiaturization  increases 
feasibility  for  an  ever  larger  plurality  of  the  previously 

15  mentioned  energy  stimulate/receive  forms  within  the 
tip  of  a  single  probe  to  enhance  the  number  of  dis- 
criminant  parameters  needed  to  detect  cancer  and 
pre-cancer. 

In  Fig.  15,  a  first  calibration  arrangement  120  is 
20  shown  whereby  a  probe  1  22  connected  to  a  controller 

121  is  contacted  with  a  synthetic  tissue  substitute 
123.  The  material  123  simulates  well-defined  known 
tissue  properties  in  terms  of  backscattering  and  other 
energy  emit/receive  characteristics  such  as  the  elec- 

25  trical  characteristics  and  in  this  manner,  the  controller 
121  can  be  placed  in  an  auto-nulling  mode  by  which 
stimuli  pulses  output  from  the  probe  122  and  received 
signals  can  be  verified  as  acceptable  or  adjusted 
such  that  they  match  within  predetermined  limits. 

30  Once  suitably  calibrated,  the  probe  122  can  then  be 
used  and  the  synthetic  substitute  material  123  steril- 
ised  thereby  preventing  any  a  biological  hazard. 

Fig.  16  illustrates  a  second  arrangement  125 
which  is  pro-active  as  opposed  to  the  embodiment  of 

35  Fig.  15  being  semi-active.  In  Fig.  16,  the  tip  of  a  probe 
1  26  is  shown  contacting  a  complimentary  probe  array 
127  which  forms  part  of  a  controller  128  to  which  the 
probe  126  is  connected.  In  this  manner,  transmitters 
and  receivers  within  each  of  the  probe  tip  126  and 

40  probe  array  127  can  be  stimulated  and  because  re- 
sponse  of  the  probe  array  127  is  known,  and  consis- 
tent  through  an  accurately  calibrated  drive  arrange- 
ment  129,  responses  of  the  drive  arrangement  129 
can  be  detected  by  a  calibration  controller  130  which 

45  can  then  act  to  modify  a  drive  arrangement  131  of  the 
probe  tip  126. 

A  third  calibration  arrangement  135  is  shown  in 
Fig.  17  where  a  probe  136,  having  an  arrangement  of 
conducting  leads  137  from  transducers  (not  illustrat- 

50  ed)  interconnect  to  a  controller  141.  Arranged  within 
the  probe  136  is  a  programmable  read  only  memory 
(PROM)  138  which  is  programmed  specific  calibra- 
tion  values  relating  to  the  transducers  in  the  probe 
136.  The  PROM  138  connects  directly  to  a  calibration 

55  module  140viaa  numberof  leads  139.  The  calibration 
module  140  outputs  a  numberof  gain  control  outputs 
142  which  supply  an  array  of  amplifiers  143  which  are 
connected  to  the  leads  137  to  and  from  the  transduc- 
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ers.  In  this  manner,  the  gain  of  each  of  the  amplifiers 
143  is  adjusted  in  response  to  the  values  within  the 
PROM  138  so  as  to  compensate  for  variations  be- 
tween  the  transducers  on  different  probes  136.  The 
PROM  138  network  can  also  allow  digital  electronic 
sterilization  of  the  probe  and  keep  track  of  each  time 
that  the  probe  is  used  in  conjunction  with  the  comput- 
er.  The  inclusion  of  the  PROM  138  in  the  probe  136 
permits  the  probe  136  to  be  electronically  identifiable 
and  each  use  of  the  probe  1  36  to  be  recorded  thereby 
permitting,  where  appropriate,  the  number  of  repeat- 
ed  uses  of  the  probe  136  being  automatically  restrict- 
ed  apriori. 

Turning  now  to  Fig.  18,  a  preferred  configuration 
of  a  detection  system  150  is  shown  schematically 
which  includes  a  probe  151  connected  via  an  analog 
board  1  52  to  a  processor  board  1  53.  The  processor 
board  153  outputs  to  a  display  154  and  includes  user 
inputs  obtainable  through  a  number  of  control  keys 
155  and  a  numeric  keypad  156.  Computer  type  com- 
munications  is  available  through  an  RS  232  style  con- 
nection  157  or  an  IEEE  488  part  or  a  COM#  port  or 
Direct  Memory  Access  (DMA),  with  AC  mains  power 
being  directly  supplied  via  an  input  158. 

The  probe  151  includes  devices  to  provide  a  plur- 
ality  of  different  physical  stimuli.  In  particular,  a  num- 
ber  of  light  emitting  diodes  (LED's)  159  provide  opti- 
cal  stimuli.  Also,  a  numberof  electrodes  160  provide 
electrical  stimuli  to  the  tissue,  which  can  be  used  for 
both  determining  discriminant  values  as  well  as  for 
assessing  the  orientation  of  the  probe  151  against  the 
tissue.  Additional  components  (not  illustrated)  for  ad- 
ditive  stimulate/receive  discriminants  can  also  be  in- 
cluded  in  the  manner  previously  described.  To  supple- 
ment  the  orientation  of  the  probe  151,  a  number  of 
strain  gauges  161  provide  an  indication  of  the  orien- 
tation  of  the  probe  151,  against  the  tissue.  The  probe 
151  also  includes  a  number  of  indicators  162  which 
can  include  either  audible  and/or  optical  indicators 
which  provide  feedback  to  the  physician  as  to  the  type 
of  tissue  as  it  is  assessed  in  real  time.  A  number  of 
photo  diodes  163  provide  electric  optical  sensing  of 
light  emitted  from  the  LED's  159  and  transreflected 
by  the  tissue  Because  of  the  low  signal  intensity  of 
output  from  the  photo  diodes  163,  a  preamplifier  ar- 
rangement  164  is  included  in  the  probe  151.  The 
probe  151  connects  to  the  analog  board  152  which  in- 
cludes  drive  and  control  amplifiers  coupled  to  each  of 
the  elements  of  the  probe  151. 

The  processor  board  1  53  incorporates  a  micro- 
processor  controller  utilising  a  CPU  178  that  is  provid- 
ed  with  a  digital  I/O  block  176  as  well  as  a  serial  I/O 
block  178.  The  CPU  178  initiates  stimuli  which  are 
output  via  a  serial  I/O  block  178  to  a  digital  to  analog 
converter  174.  The  D/A  converter  outputs  to  a  LED 
drive  and  control  unit  165.  LED  drive  and  control  unit 
165  is  used  to  supply  the  LED's  159  and  is  also  input 
with  digital  signals  via  the  digital  I/O  176.  Digital  I/O 

176  also  outputs  to  an  electrode  drive  unit  166  which 
coupled  to  the  electrodes  160  for  providing  electrode 
stimuli  pulses  to  the  tissue.  An  amplifier  167  ampli- 
fies  the  outputs  of  the  electrodes  160  which  are  rout- 

5  ed  through  a  protection  unit  1  72  to  an  analog  to  digital 
converter  177  for  assessment  by  the  CPU  178.  Out- 
put  of  each  photodiode  preamplifier  164  is  provided 
to  an  optical  detector  amplifier  171  whose  output  digi- 
tised  using  the  Ato  D  converter  1  77  for  referencing  by 

10  the  CPU  178.  Alternative  stimulate/receive  energy 
transducers  160a  can  also  be  included  if  required.  A 
strain  gauge  drive  168  uses  a  DC  signal  from  a  DC 
power  conditioning  unit  180  and  supplies  the  strain 
gauges  161  which  output  to  a  strain  gauge  amplifier 

15  169.  The  amplifier  169  outputs  via  the  protection  unit 
1  72  to  the  A  to  D  converter  1  77  to  measure  the  mag- 
nitudes  of  the  forces  being  applied  by  the  probe  to  the 
tissues.  The  digital  I/O  176  also  outputs  to  an  indica- 
tor  drive  170  which  drives  the  indicators  162  in  a 

20  known  manner.  The  CPU  178  is  supplied  with  a  reset 
arrangement  181,  a  clock  182,  and  also  outputs  to  a 
test  socket  183. 

Amentioned  earlier,  the  probe  1  51  can  be  provid- 
ed  with  a  PROM  (not  illustrated)  to  permit  calibration, 

25  ease  of  sterilization,  and  record  keeping  of  probe  use. 
The  PROM  if  used  can  connect  directly  to  the  digital 
I/O  block  176. 

In  operation,  a  basic  stimulation  pattern  is  pro- 
grammed  or  selected  from  a  memory  1  79  by  the  CPU 

30  1  78  and  is  used  to  stimulate  the  LED's  1  59  and  elec- 
trodes  160.  Raw  data  is  recorded  by  the  CPU  178  and 
stored  in  the  memory  179  whereupon  it  is  processed 
into  a  numberof  different  discriminants.  For  each  re- 
lated  series  of  samples  taken,  the  multiple  discrimi- 

35  nants  are  then  combined  algorithmically  to  provide  a 
tissue  type  categorisation  .  That  categorisation  is  then 
compared  with  known  categorisations  stored  within  a 
non-volatile  portion  of  the  memory  179  and,  where  a 
match  occurs,  the  categorisation  is  identified  as  be- 

40  ing  either  normal  tissue,  pre-cancerous  or  cancerous 
and  an  indication  provided  to  the  physician  as  appro- 
priate.  Where  the  tissue  type  is  unknown,  a  corre- 
sponding  indication  is  provided  to  the  physician  which 
can  prompt  further  examination  of  that  particular  part 

45  of  the  tissue. 
When  processing  the  raw  sensed  data,  it  is  ap- 

propriate  to  select  features  that  are  relatively  unrelat- 
ed  to  normal  patient-to-patient  changes.  This  can  in- 
clude  the  processing  of  physical  parameters  such  as 

so  electrical  characteristics  and  optical  characteristics 
both  in  the  frequency  and  time  domains  so  as  to  ob- 
tain  frequency  and  time  portrayals  of  electrical  be- 
haviour.  Frequency  components  can  be  obtained  by 
Fourier  transformations  or  by  measurements  at  dif- 

55  ferent  frequencies.  Temporal  responses  relate  to  the 
amplitude  of  response  relative  to  the  energy  imparted 
into  the  tissue.  Swept  frequency  stimulation  provides 
a  spectral  response  resulting  in  a  complex  impe- 
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dance  consideration  of  the  tissue  type  comprising 
nine  or  more  separate  parameters  each  with  a  corre- 
sponding  spectral  curve.  Electrical  temporal  re- 
sponse  can  be  determined  by  sequentially  monitoring 
the  observed  response  to  a  known  electrical  stimu- 
lus,  typically  a  step  function  or  impulse. 

In  optical  arrangements  the  absolute  backscat- 
tering  of  a  sample  can  be  determined  as  previously 
mentioned,  along  with  the  slope  and  rate  of  change  of 
response,  thereby  providing  as  variables  the  first  and 
second  differentials  verses,  wavelength  or  time  for 
spectral  or  temporal  characterizations  respectively. 

For  ultrasound  transmissions  density  changes 
affect  both  the  amplitude  and  Doppler  effects  and  va- 
rious  combinations  thereof  which  can  be  analysed  by 
image  analysis  techniques.  For  magnetic  stimuli, 
anomalies  at  particular  frequencies  or  overa  range  of 
frequencies  can  be  determined. 

For  each  different  type  of  tissue,  various  combin- 
ations  of  stimuli  can  be  used.  For  example,  for  cerv- 
ical  cancer,  the  preferred  types  of  stimuli  are  optical 
and  electrical.  For  skin  tissues,  optical,  electrical, 
magnetic,  acoustic  and  thermal  stimuli  can  be  impor- 
tant. 

Once  the  physical  data  and  various  discriminants 
are  obtained,  they  can  be  algorithmically  combined  to 
determine  the  particular  type  of  tissue  being  exam- 
ined.  This  can  be  done  using  discriminant  analysis 
techniques,  linear  programming,  cross  correlations  or 
neural  networks.  The  preferred  embodiment  discrim- 
inant  analysis  techniques  are  used  where  expert  opin- 
ions  or  empirically  derived  correlations  are  used  to  re- 
late  data  so  as  to  optimise  the  discriminant  values. 
Essentially,  various  coefficients  for  each  variable  are 
assessed  and  a  determination  is  made  of  what  mod- 
ifications  are  required  to  the  variable  in  order  for  them 
to  be  mapped  into  a  particular  type  of  categorisation. 

The  preferred  embodiment  for  detection  of  cerv- 
ical  cancer  uses  eight  discriminants  based  on  electri- 
cal  and  optical  sensing.  Those  discriminants  are 
backscattering  of  light  at  540,  660,  940  and  1300nm, 
and  four  shape  features  of  the  voltage  decay  curve. 

The  manner  in  which  the  discriminants  are  used 
to  provide  the  tissue  categorisation  is  algorithmic,  and 
for  cervical  cancer  and  pre-cancel  detection  using  the 
above  identified  discriminants,  the  combination  is  as 
follows: 

where  VARj  is  the  real-time  variable  associated  with 
position  j  in  the  linear  equation,  Ay  is  the  constant 
coefficient  for  variable  i,  and  Pj  is  the  relative  prob- 
ability  of  the  i  th  tissue  category. 

In  order  to  obtain  accurate  testing  results,  a  large 

data  base  is  required  whereby  known  responses  to 
particular  types  of  cancers  and  pre-cancers  can  be 
correlated.  For  example,  the  present  inventors,  in  the 
pursuit  of  embodiments  relating  to  detecting  cervical 

5  cancer,  have  examined  over  2,000  subjects  where 
each  was  analysed  by  an  expert  colposcopist  and 
where  relevant  an  histologist  who  provided  reference 
data  for  significant  tissue  categories.  Each  of  these 
subjects  was  also  examined  using  a  probe  and  sys- 

10  tern  in  accordance  with  the  preferred  embodiment, 
such  that  the  responses  of  the  preferred  embodiment 
to  the  particular  tissue  types  which  have  been  man- 
ually  categorised,  can  be  cross  referenced  with  the 
manual  categorisation.  This  then  forms  the  database 

15  for  that  particular  type  of  cancer  such  that  when  the 
probe  is  applied  to  another  patient  the  responses 
from  that  patient  can,  after  processing  through  dis- 
criminant  analysis,  can  be  cross  referenced  to  the  da- 
tabase  to  identify  the  particular  tissue  type. 

20  The  present  inventors  have  also  performed  sim- 
ilar  experiments,  and  are  developing  databases  in  re- 
spect  of  breast  cancer,  skin  cancer,  colon  cancer  and 
prostate  cancer.  Each  different  type  of  cancer  how- 
ever  presents  different  types  of  problems  for  the  de- 

25  velopment  of  the  database.  In  particular,  for  cervical 
cancer,  in  vivo  examination  can  be  performed  how- 
ever,  for  breast  cancer,  colon  cancer  and  prostate 
cancer,  biopsy  results  are  necessary  and  therefore 
the  database  is  developed  about  "in  vitro"  informa- 

30  tion.  In  skin  cancers,  dermatological  examination  as 
well  as  biopsy  results  can  be  used. 

All  samples  are  ratified  by  correlation  of  probe  re- 
sults  against  in  vivo  and  biopsy  identification  which 
provides  reference  characteristics  of  each  tissue  type 

35  as  they  are  detected  by  the  probe. 
Investigations  by  the  present  inventors  regarding 

the  performance  of  the  preferred  embodiment  have 
indicated  that  detection  system  150  for  cervical  can- 
cer  has  provided  between  85  and  99%  concordance 

40  between  colposcopy/histology  and  probe  diagnosis 
depending  on  low  grate  abnormalities  (well- 
developed  human  papilloma  virus  changes,  minor 
atypia  or  cervical  intraepithelial  neoplasia  grade  1), 
90%  on  high  grade  abnormalities  (cervical  intraepi- 

45  thelial  squamous  neoplasia  grade  2  or  3),  to  99%  on 
invasive  cancer.  Statistical  analysis  and  extrapola- 
tion  of  these  results  suggest  that  the  proportion  of 
false  positive  and  false  negative  rates  using  a  probe 
arrangement  of  the  preferred  embodiment  is  of  the  or- 

50  der  of  10%  and  therefore,  in  respect  of  cervical  can- 
cer,  the  present  probe  arrangement  is  a  substantial 
improvement  over  the  general  50  -  60%  accuracy 
considered  appropriate  to  the  traditional  pap  smear 
test. 

55  The  foregoing  describes  only  a  number  of  em- 
bodiments  of  the  present  invention  and  modifica- 
tions,  obvious  to  those  skilled  in  the  art,  can  be  made 
thereto  without  departing  from  the  scope  of  the  pres- 
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ent  invention. 

Claims 
5 

1.  A  method  of  identifying  tissue  which  is  suspected 
of  being  physiologically  changed  as  a  result  of 
pre-cancerous  or  cancerous  activity,  said  meth- 
od  comprising  the  steps  of: 

(a)  subjecting  the  tissue  to  a  plurality  of  differ-  10 
ent  stimuli; 
(b)  detecting  a  corresponding  tissue  response 
to  each  stimuli: 
(c)  processing  each  response  in  combination 
to  categorise  the  tissue;  and  15 
(d)  comparing  the  categorisation  of  the  tissue 
with  a  known  catalogue  of  expected  tissue 
types  to  identify  the  tissue. 

2.  A  method  as  claimed  in  claim  1,  wherein  said  20 
stimuli  are  selected  from  the  group  consisting  of 
electrical  stimuli,  light  stimuli,  acoustic  stimuli, 
magnetic  stimuli,  and  thermal  stimuli. 

3.  A  method  as  claimed  in  claim  2,  wherein  any  one  25 
or  more  of  said  stimuli  are  selected  from  the 
group  consisting  of  a  continuous  stimulus  signal, 
a  pulsed  continuous  stimulus  signal,  a  frequency 
modulated  stimulus  signal,  and  a  phase  modulat- 
ed  stimulus  signal.  30 

4.  Amethod  as  claimed  in  claim  3,  wherein  said  light 
stimuli  comprises  a  sequence  of  plurality  of 
pulsed  light  signals  each  of  a  separate  spectral 
bandwidth,  the  sequence  being  repeated  suffi-  35 
ciently  rapidly  that  tissue  responses  are  acquired 
substantially  simultaneously. 

5.  A  method  as  claimed  in  claim  2,  wherein  all  of 
said  stimuli  are  applied  to  the  tissue  substantially  40 
simultaneously  to  cause  a  quantum  sampled  re- 
sponse  to  be  detected. 

6.  A  method  as  claimed  in  claim  1  ,  wherein  step  (c) 
comprises  processing  each  said  response  by  one  45 
or  more  predetermined  process  steps  to  obtain 
for  each  said  process  step  a  processed  result, 
and  combining  each  of  said  process  results  in  a 
predetermined  manner  to  provide  a  categorisa- 
tion  of  said  tissue.  50 

7.  A  method  as  claimed  in  claim  6  wherein  ar  least 
N  stimuli  (N^2)  are  used  and  said  responses  are 
processed  into  at  least  N+1  said  processed  re- 
sults.  55 

8.  Amethod  as  claimed  in  claim  7  wherein  said  stim- 
uli  comprise  electrical  stimuli  and  optical  stimuli 

which  provide  eight  of  said  processed  results. 

9.  A  method  as  claimed  in  claim  6,  wherein  said 
processed  results  are  combined  by  a  weighted 
summation  of  said  processed  results  in  which  a 
weight  value  for  each  said  processed  result  is 
predetermined  and  based  upon  tissue  types  with- 
in  said  catalogue  and  the  particular  relevance  of 
each  said  processed  result  to  said  catalogue. 

10.  A  method  as  claimed  in  claim  6,  wherein  said 
process  steps  are  selected  from  the  group  con- 
sisting  of: 

-  for  said  electrical  stimuli  and  magnetic 
stimuli,  an  amplitude  response,  a  frequen- 
cy  response,  an  absolute  amplitude  deter- 
mination,  a  phase  response,  a  spectral  re- 
sponse,  a  first  differential  response  with  re- 
spect  to  time,  and  a  second  differential  with 
respect  to  time; 

-  for  said  light  stimuli,  a  spectral  response, 
and  a  spatial  response;  and 

-  for  said  acoustic  stimuli,  an  amplitude  re- 
sponse,  a  frequency  response. 

11.  A  method  as  claimed  in  claim  6,  wherein  said 
processed  results  are  combined  by  an  algorith- 
mic  approach  using  one  of  linear-programming, 
cross-correlation  and  neural  networks. 

12.  Amethod  as  claimed  in  claim  1,  wherein  said  cat- 
alogue  of  tissue  types  is  obtained  through  cross- 
referencing  manually  examined  and  pathological- 
ly  classified  identified  tissue  types  of  a  sample, 
with  processed  responses  obtained  from  steps 
(a),  (b)  and  (c)  from  said  sample,  those  respons- 
es  thereby  being  anticipated  to  be  obtained  by 
use  of  said  method  in  the  absence  of  manual  ex- 
amination  or  pathological  classification  of  said 
tissue. 

13.  A  method  as  claimed  in  claim  1  wherein  said  tis- 
sue  suspected  of  being  changed  is  in  one  or  more 
categories  of  cervical  tissue,  breast  tissue,  skin 
tissue,  prostate  tissue  and  colon  tissue. 

14.  A  method  as  claimed  in  claim  1,  wherein  said 
processing  and  comparing  steps  occur  in  real- 
time  and  said  identification  comprises  a  statisti- 
cal  comparison  of  said  categorisation  with  tissue 
types  in  said  catalogue. 

15.  Amethod  as  claimed  in  claim  1,  wherein  said  tis- 
sue  forms  part  of  a  living  organism. 

1  6.  Apparatus  for  identifying  tissue  which  is  suspect- 
ed  of  being  physiologically  changed  as  a  result  of 
pre-cancerous  or  cancerous  activity,  said  appa- 
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ratus  comprising: 
a  plurality  of  energy  sources  configured  to 

impinge  upon  said  tissue  and  to  stimulate  said 
tissue  with  a  plurality  of  different  stimuli,  a  plur- 
ality  of  detectors  configured  to  detect  responses  5 
of  said  tissue  to  a  respective  one  of  said  stimuli 
and  to  couple  said  responses  to  a  controller,  said 
controller  including  a  processor  arrangement 
configured  to  process  said  responses  in  combin- 
ation  in  order  to  categorise  said  tissue,  a  memory  10 
arrangement  comprising  a  catalogue  of  expected 
tissue  types,  and  a  comparison  arrangement  for 
comparing  the  categorisation  of  said  tissue  with 
said  expected  tissue  types  from  said  catalogue 
so  as  to  identify  said  tissue,  and  an  indicator  ar-  15 
rangement  for  indicating  to  a  user  of  said  appa- 
ratus  the  tissue  type  identified. 

17.  Apparatus  as  claimed  in  claim  14,  wherein  said 
energy  sources  and  said  detectors  are  config-  20 
ured  in  a  probe  manipulate  by  an  operator  to 
contact  said  tissue,  said  tissue  being  within  or  on 
an  exterior  surface  of  a  living  organism  under  ex- 
amination. 

25 
18.  Apparatus  as  claimed  in  claim  17,  wherein 

through  electronic  identification  the  probe  which 
brings  the  stimulus  to  the  tissue  is  numerically 
serialised  and  each  use  of  that  probe  is  numeri- 
cally  recorded  automatically  and  the  number  of  30 
repeated  uses  of  a  given  probe  is  automatically 
restricted  apriori. 

19.  Apparatus  for  identifying  different  tissue  types 
including  those  displaying  modifications  involv-  35 
ing  pre-cancerous  or  cancerous  activity,  said  ap- 
paratus  comprising  a  probe  having  one  end  shap- 
ed  to  face  said  tissue  and  comprising  at  least  two 
paths  for  electromagnetic  radiation,  at  least  one 
of  said  paths  leading  to  said  one  end  arranged  to  40 
convey  said  electromagnetic  radiation  in  a  first 
direction  towards  said  one  end,  and  at  least  one 
of  said  paths  leading  from  said  one  end  and  ar- 
ranged  to  convey  said  electromagnetic  radiation 
in  a  second  direction  away  from  said  one  end;  45 

a  first  electromagnetic  generator  means 
connected  to  said  at  least  one  said  first  direction 
path  to  transmit  said  electromagnetic  radiation  at 
a  first  or  associated  with  a  first  wavelength  along 
said  at  least  one  first  direction  path  and  a  second  50 
electromagnetic  generator  means  connected  to 
said  at  least  one  first  direction  path  to  transmit 
said  electromagnetic  radiation  at  a  second  wave- 
length  along  said  at  least  one  first  direction  path, 
said  second  wavelength  being  differentfrom  said  55 
first  wavelength; 

receiving  means  connected  to  said  at  least 
one  second  direction  path  to  receive  said  radia- 

tion  at  said  first  and  second  wavelengths  back- 
scattered  by  said  tissue; 

at  least  one  electrode  means  to  apply  elec- 
trical  signals  to  said  tissue  and  electrical  meas- 
uring  means  to  measure  resulting  electrical  re- 
sponse  by  said  tissue;  and 

comparator  means  to  compare  the  meas- 
ured  electrical  signals  and  the  measured  re- 
ceived  radiation  and  compare  same  with  known 
values  to  thereby  identify  the  tissue  type. 

20.  A  method  of  identifying  tissue  which  is  suspected 
of  being  physiologically  changed  as  a  result  pre- 
cancerous  or  cancerous  activity,  said  method 
comprising  the  steps  of: 

irradiating  said  tissue  with  electromagnet- 
ic  radiation  at  a  first  wavelength; 

irradiating  said  tissue  with  electromagnet- 
ic  radiation  at  a  second  wavelength,  said  first  and 
second  wavelengths  being  different; 

receiving  the  radiation  at  said  first  and 
second  wavelengths  backscattered  by  said  tis- 
sue; 

supplying  electrical  signals  to  said  tissue 
and  measuring  the  resulting  electrical  response 
of  the  tissue; 

generating  mathematical  transformations 
of  said  received  radiation  and  electrical  response 
signals  and  identifying  the  condition  of  said  tis- 
sue  by  comparing  said  mathematical  transforma- 
tions  with  a  catalogue  of  the  key  features  of  nor- 
mal  and  abnormal  tissue  types. 
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